RNA transcribed in vitro at low ionic strengh, from either rat liver chromatin or DNA, contains a significant amount of. structure resistant to RNase in high salt buffer. This is observed with rat liver (form B polymerase) as well as with Escherichia coli RNA polymerase (RNA RNA synthesized in vitro from chromatin by exogenously added RNA polymerase (RNA nucleotidyltransferase; nucleoside triphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) seems to be specific (1-9). Eukaryotic or bacterial RNA polymerases give essentially the same results, although transcription specificity seems to be better with the homologous enzyme (8), and the initiation sites on the DNA differ for the two RNA polymerases (10-12). This may mean that only a few specific sequences are accessible to RNA polymerase in chromatin.
nucleotidyltransferase; nucleoside triphosphate:RNA nucleotidyltransferase; EC 2.7.7.6). Treatment with RNases specific for either double-stranded or hybrid RNA indicates tat resistance to RNase is due to the presence of double-stranded RNA sequences. Denaturation kinetics in the presence or absence of RNase suggest that these sequences are formed by intramolecular base pairing. Their mean length is about 20 to 30 nucleotides, but 15-20% are more than 100 nucleotides long. They contain 60-85% GC base pairs. The proportion of double-stranded segments is higher in chromatin transcripts than in DNA-templated RNA, and is higher with homologous RNA polymerase than with the bacterial enzyme. On the other hand, chromatin endogenous RNA polymerase, which is unable to initiate transcri tion, does not synthesize double-stranded RNA. The prob~em of the location of these sequences is discussed; preliminary results suggest that the 5' end of the RNA transcripts could be enriched in complementary sequences.
RNA synthesized in vitro from chromatin by exogenously added RNA polymerase (RNA nucleotidyltransferase; nucleoside triphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) seems to be specific (1) (2) (3) (4) (5) (6) (7) (8) (9) . Eukaryotic or bacterial RNA polymerases give essentially the same results, although transcription specificity seems to be better with the homologous enzyme (8) , and the initiation sites on the DNA differ for the two RNA polymerases (10) (11) (12) . This may mean that only a few specific sequences are accessible to RNA polymerase in chromatin.
The in vitro RNA synthesizing system provides an opportunity for studying the initial products of transcription. We were interested to find out whether middle repetitive sequences were transcribed first for regulatory functions (13) , since they appear to be interspersed in the rat genome (14) . We have previously shown (unpublished results) that repetitive sequences of liver chromatin transcripts are similar to those from liver nuclear RNA, but different from those of kidney nuclear RNA. In the course of these hybridization experiments, we were brought to examine RNA sequences which were resistant to RNase in high salt without prior denaturation and self-annealing. DNA was purified as described (15) , except that phenol extractions were replaced by banding in a CsCl gradient.
MATERIALS AND METHODS
RNA polymerases from Escherwchia colh or rat liver (form B) were extracted and purified as described (15 extractions at 25°, and precipitated in ethanol. It was dissolved in a small volume of 10 mM Tris-HCl (pH 8) and passed through a Sephadex G-75 column. The pooled fractions from the excluded peak were heated for 5 min at 700, adjusted to 10 mM MgCI2, and incubated for three 20 min periods, each with 50 ,g/ml of DNase I at 370, in the presence of 100 ,ug of yeast RNA. After phenol-CHCls extractions, RNA was precipitated in ethanol and passed through a Sephadex G-75 column. The recovery of RNA is estimated to be around 70%; this is due to the elimination of the trailing edge of the excluded peak on the two Sephadex columns (representing very small RNA molecules). RNA (Fig. lA-B) . This fraction is enriched in RNA which is resistant to RNase digestion at high ionic strength, as seen in Fig. 2 . The shift in the mean density from 1.65 g/ml for undigested RNA to 1.62 g/ml after RNase digestion suggests the presence of doublestranded RNA (dsRNA) in the transcripts, since dsRNA has a somewhat lower density than native RNA (18) (19) (20) (Fig. 4) . At the time of maximal hydrolysis in 0.3 M NaCi, new addition of RNase is without effect, while a shift to a higher temperature (230-370) leads to an increase in digestion (Fig. 4) . This greater susceptibility to digestion at 370 probably reflects denaturation of some resistant structures at this temperature. Therefore, we investigated the effect of thermal denaturation on resistance to RNases A + T1 (Fig. 5A-B CMP and UMP content. The pyrimidines of the total transcripts were found to contain 51. RNase-resistant structures (Fig. 3) . Thus, at least a fraction of in vitro transcribed RNA could contain a double-stranded structure at the beginning of the chain. We have verified that the gamma phosphate does not turn over in the incubation mixture with chromatin, since it is entirely and specifically removed from RNA by phosphodiesterase-free alkaline phosphatase (from calf intestine; Boehringer) (data not shown). DISCUSSION We report here that RNA synthesized in vitro on chromatin or DNA is partially resistant to digestion by a mixture of RNases A and T1 at high ionic strength. We conclude that this resistant material represents dsRNA regions on the following basis: (i) inability of DNase to increase the sensitivity of these sequences to RNase digestion; (it) total susceptibility to RNase III, specific for dsRNA, and insensitivity to RNase H, specific for RNA-DNA hybrids; (iii) relative stability of these sequences towards thermal denaturation.
These double-stranded structures seem to be formed by intramolecular base pairing (in "hairpin loop"-like sequences), since considerably more dsRNA is accessible to RNase in high salt at 1000 when RNase is present during melting than when the enzyme is added afterwards; this suggests that spontaneous renaturation of RNA takes place after melting, even when the sample is rapidly cooled in ice. The rapidity of reappearance of resistance to RNase, when shifting either from high to low temperature or from low to high salt buffer, is best explained by the "hairpin" hypothe-S1S. The dsRNA sequences synthesized by rat liver RNA polymerase B contain about 1.5 to 2 times more cytidine than uridine, which means that G-C pairs are more abundant than U-A pairs. Despite their high G-C content, it is unlikely that these sequences originate from ribosomal RNAs, since 0.1 ,ug/ml of a-amanitin, a specific inhibitor of the nucleoplasmic RNA polymerase, suppresses by more than 95% the incorporation of nucleotides directed by a chromatin template. It is, however, possible that ribosomal cistrons are transcribed by RNA polymerase B at low ionic strength. Our results can be compared with those of Jelinek and Darnell (18) and Ryskov et al. (22) , who found a composition close to 30% cytidine and 20% uridine in double-stranded regions of non-ribosomal heterogeneous nuclear RNA from HeLa or ascites cells.
Upon thermal denaturation, the dsRNAs have a Tm of 950 in 0.3 M NaCl (when RNase is present during melting), which is lower than that expected from its relatively high G+C content (19) . However, this discrepancy could be accounted for by the shortness of these sequences, the majority of which are only about 20 to 30 nucleotides long. On the other hand, a small fraction of dsRNA (varying from less than 10-30%) is denatured at 43'. This particular fraction might be of very small molecular size, or composed of imperfect duplexes.
Since dsRNA sequences could be used as recognition signals for regulatory elements or enzymes such as nucleases or RNA polymerase, the location of these structures is of a particular interest. We have approached this question by labeling the 5'-terminal nucleotide with nucleoside ['y-32P]triphosphates. Unfortunately, the use of ATP also resulted in 32p incorporation in non alkali-labile molecules, thus not RNA, which were distributed all along 2.7% polyacrylamide gels. Therefore, we used only ['y-32P]GTP, which was uniquely incorporated into RNA. The incorporated GTP was about 30% resistant to RNase digestion in high salt. Thus at least a fraction of RNA chains could be initiated in double-stranded structures. Moreover, the endogenous RNA polymerase activity of chromatin, which is unable to initiate transcription (15, 23) , does not synthesize dsRNA. Furthermore, the percentage of double-stranded sequences is much lower in total hnRNA than in chromatin transcripts, which probably consist principally in RNA chain beginnings. These observations, taken together, suggest that the 5' end of RNA transcripts could be enriched in double-stranded sequences.
On the other hand, the proportion of dsRNA is 10-fold higher in chromatin transcripts by liver RNA polymerase B than in DNA transcripts, and nearly 2-fold higher than in chromatin transcripts by E. coli RNA polymerase. Since initiation of transcription is presumed to be more specific on chromatin than on DNA, and with homologous RNA polymerase than with the bacterial enzyme (8, 12) , it is suggested that double-stranded structures could be related to correct initiation by RNA 
